Introduction
Postoperative infectious complications are the main causes of postoperative morbidity. Overall, the incidence of postoperative infections approaches 38% [1] .
Hysterectomy is one of the most common major surgical procedures for women with benign gynecological diseases and is classified as a clean-contaminated surgical procedure. Postoperative pelvic infections after hysterectomy are most commonly caused by the inoculation of species that constitute the normal flora of the lower genital tract into the vulnerable operative site. Prior to the widespread use of antimicrobial prophylaxis for hysterectomy, the incidence of postoperative pelvic infection ranged from 5% to 70%. With the advent of routine prophylaxis, the incidence rate has fallen to approximately 5% or less, and abscess formation has become rare [2, 3] .
Although antibiotic prophylaxis is very effective in reducing the incidence of postoperative pelvic infection, pelvic infections still occur in some patients after certain surgical procedures. It is, therefore, important to evaluate and control as far as possible the factors that place patients at risk for postoperative infections.
Laparoscopic-assisted vaginal hysterectomy (LAVH) has been shown to be an acceptable alternative to total abdominal hysterectomy and has gained widespread acceptance since it was first reported by Reich et al in 1989 [4] . To our knowledge, no studies have analyzed the incidence of and risk factors for postoperative pelvic cellulitis in patients who have undergone LAVH. Therefore, in this retrospective case-control study, we evaluated several possible risk factors for pelvic cellulitis after LAVH in women who had received preoperative prophylactic antibiotic therapy.
Materials and methods
This study involved a sample of 195 patients who underwent LAVH for benign gynecological diseases in a medical center in central Taiwan during the period 2007e2008. All of the surgeons had at least 10 years of experience in performing LAVH. All women received 1 g cefazolin for prophylaxis within 30 minutes prior to the initial skin incision. All the preoperative physical status assessments were carried out according to the American Society of Anesthesiologists physical status scale (ASA), 112 patients being assigned to ASA class I (normal healthy) and 83 to ASA class II (with mild systemic disease). Kapur et al's staging system for intraabdominal adhesions was used to classify the 195 patients in whom adhesiolysis was performed [5] . These 195 patients were divided into two groups based on the absence (184 patients) or presence (11 patients) of postoperative pelvic cellulitis occurring during hospitalization (n ¼ 2) or after discharge (n ¼ 9).
The 11 patients (case group) with postoperative pelvic cellulitis were diagnosed by their clinical symptoms and signs, including fever, lower abdominal pain, increased vaginal discharge exuding from the vaginal cuff, pelvic tenderness, or increased temperature of vaginal apex on bimanual pelvic examination. The other 184 patients (control group) did not present the symptoms and signs of pelvic cellulitis after LAVH.
Patients' characteristics (age, parity, grade of pelvic adhesion, and ASA class) and medical care process data (length of hospital stay, operation time, flatulence-relief time, dosage of postoperative antibiotics, surgical blood loss, shift in serum hemoglobin, shift in serum hematocrit, proportion of postoperative intravenous fluid injection over 2 days after surgery, and blood transfusion) were collected from the patients' charts and the hospital's database. Flatulence-relief time was calculated as the number of hours after surgery required to expel the build-up of colon gas, as reported by the patient; patients were encouraged to commence an oral dietary intake as soon as flatulence was relieved. A complete blood count and differential count were obtained at admission and 24 hours postoperatively. The operative time was calculated as the time from application of the vaginal douche for uterine manipulator insertion to the final closure of the trocar incision wound. Surgical blood loss was estimated by the surgeon and the circulating nurses at the end of the surgery by examining the amount of blood contained in the suction container and on the surgical sponges.
All laparoscopic procedures were performed under general endotracheal anesthesia. In all patients, one 10 mm main trocar was inserted supraumbilically, and three 5 mm trocars were inserted into the lower abdomen (one in the suprapubic area, and two in an upper lateral position). Only bipolar forceps and monopolar scissors were used. The vaginal vault was closed with interrupted or continuous locking 1/0 polyglactin sutures. None of the patients underwent reperitonealization.
Differences in the means of continuous variables were tested using the Student's t-test. The chi-squared test was used to measure differences in nominal variables between the two groups. A p value < 0.05 was considered statistically significant. Significant variables in the univariate analyses were included in a logistic regression model to identify the risk factors for postoperative pelvic cellulitis. All statistical analyses were performed on a personal computer with the statistical package SPSS for Windows (Version 17.0; SPSS Inc., Chicago, IL, USA). A prospective randomized controlled trial or cohort study is the highest priority
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of study design to have the least bias.
Results
Group 1 (patients with postoperative pelvic cellulitis) consisted of 11 patients with a mean age of 45.82 AE 1.40 years. Group 2 (patients without postoperative pelvic cellulitis) consisted of 184 patients with a mean age of 46.94 AE 8.40 years. There were no statistical differences in mean age ( p ¼ 0.67) or mean parity (2.645 vs 2.46; p ¼ 0.82) between the two groups. There were more patients in ASA class 2 in group 1 than in group 2 (81.8% vs 40.2%; p ¼ 0.017). In addition, the grade of pelvic adhesion was significantly more severe in group 1 than in group 2 ( p ¼ 0.044) ( Table 1) .
The mean length of hospital stay was significantly longer for group 1 than group 2 patients (6.45 days vs 4.54 days; p ¼ 0.01). There were no significant differences in mean operation time, mean flatulence-relief time, dosage of postoperative antibiotics, surgical blood loss, mean shift in serum hemoglobin, mean shift in serum hematocrit, proportion of postoperative intravenous fluid injection over 2 days after surgery, or blood transfusion between the two groups ( Table 2) . Table 3 shows the association between patients' characteristics and the occurrence of postoperative pelvic cellulitis. Among the 195 patients, 83 of them were classified as being in ASA class II, and the remaining 112 patients were classified as being in ASA class I. Logistic regression analysis revealed that patients in ASA class II were almost six times more likely to develop postoperative pelvic cellulitis than patients in ASA class I [Exp(b) ¼ 5.822, 95% confidence interval (CI) 1.03e33.64]. This indicates that ASA can serve as a good predictor of pelvic cellulitis.
We also found that the risk for postoperative pelvic cellulitis increased with the severity of pelvic adhesion [b ¼ 0.785, 
Discussion
Postoperative infection is a common complication after hysterectomy and is associated with significant morbidity and mortality. Postoperative pelvic infections affect up to 38% of all women who undergo gynecological surgery. Therefore, the prevention or reduction of postoperative infection continues to be a major goal for all surgeons. The third most common hospital infection is surgical site infection, recently defined by the Centers for Disease Control and Prevention (CDC) as infections that occur at or near the surgical incision [6] . Surgical site infections are divided into two categories according to the CDC guidelines: an organ or space surgical site infection, and a superficial or deep incisional infection [6, 7] . Infections defined as organ or space surgical site infections must occur within 30 days of an operative procedure and must occur in conjunction with one of the following: diagnosis by a physician; exploration, radiographic imaging, or histopathology suggestive of an infection or abscess; bacteria isolated from tissue or cultures taken from the site of infection; or purulent material detected when a drain is placed in the space or site of concern [7] .
Hysterectomy carries a high rate of infection, presumably because the vaginal flora cannot be eliminated from the operative site. Post-hysterectomy pelvic soft tissue infections range in severity from pelvic cellulitis to infected pelvic hematoma/abscess, pelvic cellulitis being the most common patients, vaginal cuff culture revealed Escherichia coli and Enterococcus faecalis. With the appropriate administration of prophylactic antibiotics, the incidence of postoperative febrile morbidity is only 5% [3, 4] . Although numerous studies have demonstrated that administering prophylactic antibiotics preoperatively reduces the incidence of postoperative infection, serious postoperative infections still occur [8] .
The likelihood of post-hysterectomy infection depends on many factors. Postoperative infection has been attributed to multiple clinical variables, such as age, body mass Q3 index (BMI), ASA class, grade of pelvic adhesion, excessive blood loss, and prolonged surgical time.
Several patient characteristics and surgical factors have been shown to increase the risk for postoperative infections in obstetric and gynecological patients. Several risk factors can be controlled preoperatively and postoperatively by surgeons, such as the patient's being underweight, their nutrition, and blood glucose level; however, some factors, such as age, cannot be controlled. Obesity is a known risk factor for postoperative infection and may reflect poor hygiene and inadequate nutrition. In addition, obese patients often have poor glucose control and may require prolonged operative time [9, 10] . It has also been shown that Q4 antibiotic agents should be adjusted to the patient's body weight. Forse et al [11] showed doubling the dose of antibiotic reduced the rate of wound infection from 16.5% to 5.6%.
In addition, poor glucose control (blood glucose levels >200 mg/dl Q5 ) within the first 48 hours postoperatively, older age, malnutrition, acute hypovolemia, and chronic underlying diseases (i.e., cirrhosis or immunocompromised status) that can further suppress the immune system in patients with preexisting immune dysfunction have also been shown to be risk factors for postoperative infection [6,12e14] . Patients with those risk factors, alone or in combination (for ASA class II or higher), have an increased likelihood of poor healing at the operative site and subsequent infection. In addition, poor nutrition and hygiene, factors associated with lower socioeconomic status, have also been shown to increase the risk for postoperative complications [15] .
Furthermore, many studies have demonstrated a direct relationship between bacterial vaginosis and postoperative pelvic infection [16, 17] . Bacterial vaginosis is characterized by the imbalance of naturally occurring bacterial flora. Perhaps, before operative procedures, physicians should test for various bacterial species (Gram-positive, Gram-negative, aerobic, and anaerobic bacteria) known to be associated with postoperative infection when present in large numbers [17] . All our patients received a preoperative vaginal douche after anesthesia to help promote a healthy vaginal microflora.
Surgical risk factors also play a role in postoperative infection. The status of a surgical wound (i.e., clean, cleancontaminated, or contaminated) influences the level of risk. During hysterectomy, the vagina is opened, and contamination of normally sterile tissue with potential pathogens of the vaginal microflora is possible. Therefore, re-establishment of healthy vaginal microflora and the administration of prophylactic antibiotics may reduce the rate of postoperative infection. An antibiotic with an adequate half-life in relation to the length of the operation performed should be administered within 30 minutes of starting the operation, as with all the women in this study [3] . Surgical time, however, can alter the effectiveness of preoperative prophylactic antibiotics. If the operation lasts considerably longer than the halflife of the antibiotic used, a second dose should be administered. Excessive blood loss also decreases the serum antibiotic level [3] . Therefore, multiple factors are involved in the prevention of postoperative infectious morbidity and mortality [3] .
ASA scale and length of hospital stay are well-known risk factors for postoperative pelvic cellulitis [18, 19] . Longer length of hospital stay and higher ASA class have also been shown to be associated with pre-existing immune dysfunction [20e22] . We found that patients in ASA class II had an almost six times greater risk for developing postoperative pelvic cellulitis than patients in ASA class I (Table 3 ). In our study, the mean length of hospital stay in group 1 was significantly longer than in group 2; the longer hospital stays increased the rate of postoperative pelvic cellulitis. Therefore, it is possible that earlier feeding when
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patients are hungry might significantly reduce hospital admission time and postoperative pelvic cellulitis.
Grade of pelvic adhesion is also a risk factor for postoperative pelvic cellulitis. We found that there was a twofold increase in risk for postoperative pelvic cellulitis with each single-grade increase in the level of pelvic adhesion (Table 3) . Many pelvic laparoscopic procedures leave behind blood and necrotic tissue. The high incidence of postoperative pelvic cellulitis in patients with severe pelvic adhesion can be explained at least in part by the fact that these patients experienced longer operation times and had more electrocoagulation-induced tissue damage. Robotic surgery is not widely available, but this is potentially one method of decreasing operative time in case where extensive pelvic adhesions are present. Although inflammation is normal at the operative site as wound healing proceeds, clinicians must remain alert to the possible development of pelvic cellulitis or abscess formation. Pelvic cellulitis may involve an infected fluid collection or hematoma that encompasses the retroperitoneal space at the vaginal apex without abscess formation. Patients typically present 5e10 days after surgery with fever, an increase in lower abdominal pain, increased vaginal discharge exuding from the vaginal cuff, or a sensation of pelvic fullness [15] . Bimanual pelvic examination shows pelvic tenderness and motion tenderness. All our patients with postoperative pelvic cellulitis complained of pelvic tenderness and cuff motion tenderness during pelvic examination. Abscesses develop when infected hematomas or pelvic cellulitis spreads into the parametrial pelvic soft tissue [23] . The symptoms mirror those of pelvic cellulitis or hematomas with the addition of a mass corresponding to the collection of infected fluid at the operative site.
In conclusion, understanding the risk factors for postoperative pelvic infection such as systemic disease (ASA class II or higher), pelvic adhesion, and prolonged hospital stay, in addition to comprehensive patient care, will help reduce the rate of postoperative pelvic cellulitis in women undergoing LAVH. Moreover, the incidence of postoperative pelvic cellulitis could be lowered by the correction of modifiable risk factors, for example decreasing the length of hospital stay by earlier feeding, modifying comorbidities (improved glucose control and being of optimal body weight), and potentially decreasing operative times with robotic surgery. We emphasize the importance of a complete preoperative assessment, treatment plan, and care for women who undergo LAVH. 516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563   564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593 
